Japan Collection of Two methylamine-and N,N-dimethylformamide-utilizing Paracoccus spp. are described. These bacteria are gram-negative, nonsporeforming, nonmotile, coccoid or short rod-shaped organisms. Their DNA base composition is 62 to 68 mol% G+C. Their cellular fatty acids include large amounts of Clszl acid. Their major hydroxy acids are 3-OH Cloz0 and 3-OH C14:o acids. The major ubiquinone is Q-lo. These bacteria are distinguished from Paracoccus denitnpcans and Paracoccus alcaliphilus by physiological characteristics and by DNA-DNA homology. Paracoccus aminophilus sp. nov. and Paracoccus aminovorans sp. nov. are proposed. The type strain of P. aminophilus is DM-15 (= JCM 7686), and the type strain of P . aminovorans is DM-82 (= JCM 7685). Paracoccus halodenitrzpcans is distinguished from other Paracoccus species on the basis of cellular fatty acid composition, hydroxy fatty acid composition, and DNA-DNA homology. It may not be a valid member of the genus Paracoccus.
Previously, we reported the isolation of four DMF-utilizing bacteria: Mycobacterium sp. strain TH-35; strains DM-15 and DM-82, which resembled Paracoccus denitrificans; and strain DM-81, which resembled Pseudomonas aminovorans (Urakami et al., in press) . Strains DM-15 and DM-82 are facultatively methylamine-and DMF-utilizing, nonsporeforming , gram-negative , nonmotile, coccoid or short rod-shaped organisms with a Q-10 ubiquinone system, a cellular fatty acid composition which includes large amounts of C18:1 acid (type B), and a hydroxy fatty acid composition with large amounts of 3-OH C1o:o and 3-OH C14:o acids.
In this study, we characterize strains DM-15 and DM-82 and Micrococcus sp. strain 1-17 and propose two new species, Paracoccus aminophilus for strain DM-15 and Paracoccus aminovorans for strains DM-82 and 1-17.
MATERIALS AND METHODS
Bacterial strains. Strains DM-15 and DM-82 were isolated as DMF-utilizing bacteria in our laboratory (Urakami et al., in press), and Micrococcus sp. 1001 to TK 1014 (22) ; and four cultures of Paracoccus halodenitrficans, DSM 735T, CCM 286T, NCMB 700T, and ATCC 25843T, were used as reference strains. The four cultures of P. halodenitrficans were believed to have the same origin, but Gram reaction, quinone type, cellular fatty acid composition, and DNA base composition differed among them, as shown below. The three DMF-utilizing bacteria and P. denitrficans strains were maintained on PYG agar medium (22) containing 0.5% peptone, 0.5% yeast extract, 0.5% glucose, and 2% agar (pH 7.0). P. alcaliphilus strains were maintained on medium D (pH 9.0) (22) , and P. halodenitrificans strains were maintained on marine agar 2216 medium (catalog no. 0979; Difco Laboratories, Detroit, Mich.).
Identification methods. PYG agar medium was used for preculture and as a basal medium for DMF-utilizing bacteria. Unless otherwise stated, the strains were cultivated at 30°C. Cell form, Gram reaction, and motility were determined with cells grown on PYG agar medium. Granules of poly-phydroxybutyrate in cells cultivated in medium containing 0.5% (wthol) DL-P-hydroxy-n-butyric acid (sodium salt) were stained by the method of Burdon (2) . Biochemical and physiological characteristics were examined by previously described methods (17, 22) . Utilization of carbon compounds was determined by growth in liquid basal medium B (15) after 3 weeks of cultivation. In these cultures, methanol was replaced with other carbon compounds as previously reported by Urakami and Komagata (18) . Citric acid, succinic acid, acetic acid, formic acid, monomethylamine, dimethylamine, trimethylamine, trimethylamine-N-oxide, formamide, N-methylformamide, and DMF were added at concentrations of 0.15%. Utilization of monomethylamine, dimethy lamine, trimethy lamine, trimeth y lamine-N-oxide , formamide, N-methylformamide, and DMF by P. denitrificans and P. alcaliphilus strains was determined by the relative amounts of growth in each liquid basal medium (medium B or medium D) (22) .
Cell form and Gram reaction of P. halodenitriJicans strains were determined with cells grown on marine agar 2216 medium. Utilization of methanol, monomethylamine, dimethylamine, trimethylamine, trimethylamine-N-oxide, formamide, N-methylformamide, and DMF was determined by the relative amounts of growth in liquid basal medium E (20) . Cells of P . halodenitrificans strains cultivated in marine broth 2216 (catalog no. 0791; Difco) at 30°C for 1 to 2 days with shaking were used for the cellular fatty acid analysis. Cellular fatty acid composition and hydroxy fatty acid composition were determined as described by Urakami and Komagata (19) . Cells of P . halodenitrificans strains cultivated in marine broth 2216 at 30°C for 2 to 3 days with shaking were used for the quinone analysis. Quinone systems were determined as described by Urakami and Komagata (16) . DNA base composition. Cells cultivated in each basal medium at 30°C for 2 to 3 days with shaking were used for the DNA analysis. DNA was extracted by the method of Saito and Miura (ll) , and the moles percent G+C was determined by reversed-phase high-performance liquid chromatography as described by Tamaoka and Komagata (14) .
DNA-DNA hybridization. DNA-DNA hybridization was carried out at 61°C by the method of Kaneko et al. (6) . DNAs of strains DM-15 and DM-82 were labeled with [1',2', 5-3H]dCTP by nick translation by using Amersham Kit TRK 700 (Amersham International plc, Amersham, United Kingdom).
RESULTS AND DISCUSSION
The genus Paracoccus includes P . denitrificans and P . halodenitrifcans in the Approved Lists of Bacterial Names (12) and Bergey's Manual of Systematic Bacteriology (7).
Additionally, we reported a new species, P . alcaliphilus, for alkaliphilic and facultatively methylotrophic bacteria. The DMF-utilizing bacteria (strains DM-15 and DM-82 and Micrococcus sp. strain 1-17) were gram-negative, nonsporeforming, nonmotile, coccoid or short rod-shaped organisms, measuring 0.5 to 0.9 pm in diameter and 0.9 to 2.0 pm in length. These bacteria utilized dimethylamine, trimethylamine, trimethylamine-N-oxide, formamide , N-methylformamide, and DMF, but strains of P . denitrificans and P . alcaliphilus did not. The cellular fatty acids included large amounts of Clszl (Table 1) . The major hydroxy acids were 3-OH C1o:o and 3-OH C14:o acids ( Table 2 ). The major ubiquinone was Q-10 ( Table 2 ). The levels of DNA-DNA relatedness among DMF-utilizing bacteria and the type strains of P . denitrificans, P . alcaliphilus, and P . halodenitrificans are shown in Table 3 . The DMF-utilizing bacteria were clearly distinguished from strains of P . denitrificans, P . alcaliphilus, and P . halodenitrificans and divided into two groups; one group consisted of strain DM-15, and the other group consisted of strain DM-82 and Micrococcus sp. strain
The three strains of DMF-utilizing bacteria resemble P . denitrificans and P . alcaliphilus on the basis of morphology, cellular fatty acid composition (19, 22) , hydroxy fatty acid composition (19, 22) , ubiquinone system (16, 22) , and range of DNA base composition (21, 22) (Table 4 ). Therefore, these bacteria appear to be members of the genus Paracoccus. However, these strains form two groups, separate from 1-17. VOL. 40, 1990 N,N-DIMETHYLFORMAMIDE-UTILIZING PARA COCCUS SPP. Coccoid cells (0.5 to 0.9 pm in diameter) or short rods (0.9 to 2.0 pm long). Occur singly, in pairs or in clusters. Colonies on PYG medium at 30°C for 2 days are white to light yellow. Gram-negative, nonmotile. Granules of poly-p-hydroxybutyric acid accumulate in the cells. Growth in nutrient broth and PYG broth is abundant, but growth in peptone water is weak. A water-soluble fluorescent pigment is not produced. Nitrate is reduced to nitrite. The methyl red test and Voges-Proskauer test are negative. Indole and hydrogen sulfide are not produced. Gelatin and starch are not hydrolyzed. Ammonia is produced. Nitrate respiration (anaerobic growth in the presence of potassium nitrate) is not performed. Litmus milk is not changed. Acid is produced oxidatively but not fermentatively from L-arabinose, Dglucose, D-galactose, and D-mannitol but not from D-xylose, D-mannose, D-fructose, maltose, sucrose, lactose, trehalose, D-sorbitol, inositol, glycerol, and soluble starch. L-Arabinose, D-xylose, D-glucose, D-galactose, glycerol, succinic acid, acetic acid, monomethylamine, dimethylamine, trimethylamine, trimethylamine-N-oxide, formamide, N-methylformamide, and N,N-dimethylformamide are utilized. But D-mannose, D-fructose, maltose, sucrose, lactose, trehalose, D-sorbitol, D-mannitol, inositol, soluble starch, citric acid, formic acid, methanol, ethanol, butanol, methane, and hydrogen are not utilized. Thiamine is required as an essential supplement. Ammonia and peptone are utilized as a nitrogen source, but urea and nitrate are not utilized. Growth is observed between pH 6.0 and pH 9.0. No growth at pH 5.0 or pH 10.0. Optimum growth pH is 6.5 to 8.0. Growth is observed at 30°C but not at 37°C. Growth in the presence of 3% sodium chloride is weak. Oxidase and catalase are produced. Urease is not produced. Aerobic. Metabolism is strictly respiratory and not fermentative. The DNA base composition is 63 mol% G+C. The major cellular fatty acid is straight-chain unsaturated ClgZ1 acid. The major hydroxy fatty acids are 3-hydroxy Clor0 and 3-hydroxy C14:o acids. The major quinone is ubiquinone Q-lo, with Q-9 and Q-11 as minor components.
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The type strain is strain DM-15 isolated from soil by Urakami et al. (in press) , deposited at the Japan Collection of Microorganisms (JCM), Institute of Physical and Chemical Research, as JCM 7686.
Description of Paracoccus aminovorans sp. nov. Paracoccus aminovorans (a.mi. no'vo.rans N .L.n. aminus amine; L.part .adj. vorans devouring, digesting; N.L.part .adj. aminovorans amine digesting). Coccoid cells (0.5 to 0.9 pm in diameter) or short rods (0.9 to 2.0 pm long). Occur singly, in pairs, or in clusters. Colonies on PYG medium at 30°C for 2 days are white to light yellow. Gram-negative, nonmotile. Granules of poly-p-hydroxybutyric acid accumulate in the cells. Growth in nutrient and PYG broth is abundant, but growth in peptone water is weak. Water-soluble fluorescent pigment is not produced. Nitrate is reduced to nitrite. The methyl red test and Voges-Proskauer test are negative. Indole and hydrogen sulfide are not produced. Gelatin and starch are not hydrolyzed. Ammonia is produced. Nitrate respiration (anaerobic growth in the presence of potassium nitrate) is not performed. Litmus milk is not changed. Acid is produced oxidatively but not fermentatively from Larabinose, D-glucose, D-mannose, D-fructose, D-galactose, D-sorbitol, D-mannitol, and glycerol but not from D-xylose, maltose, sucrose, lactose, trehalose, inositol, and soluble starch. L-Arabinose, D-glucose, D-mannose, D-fructose, Dgalactose, D-sorbitol, D-mannitol, glycerol, succinic acid, acetic acid, monomethylamine, dimethylamine, trimethylamine, trimethylamine-N-oxide, formamide, N-methylformamide, and N,N-dimethylformamide are utilized, but D- xylose, maltose, sucrose, lactose, trehalose, inositol, soluble starch, citric acid, formic acid, methanol, ethanol, butanol, methane, and hydrogen are not utilized. Thiamine is required as an essential supplement. Ammonia and peptone are utilized as a nitrogen source, but urea and nitrate are not utilized. Growth is observed between pH 6.0 and pH 9.0. No growth at pH 5.0 or pH 10.0. Optimum cultural pH is 6.5 to 8.0. Growth is observed at 30 and 37°C but not at 42°C. Growth in the presence of 3% sodium chloride is weak. Oxidase and catalase are produced. Urease is not produced. Aerobic. Metabolism is strictly respiratory and not ferrnentative. The DNA base composition is 67 to 68 mol% G+C. The major cellular fatty acid is straight-chain unsaturated c l g : 1 acid. The major hydroxy fatty acids are 3-hydroxy C1o:o and 3-hydroxy C14:o acids. The major quinone is ubiquinone Q-10, with Q-9 and Q-11 as minor components. The type strain is strain DM-82. Strain DM-82 has all of the characteristics given above for the species. Its DNA base composition is 67 mol% G+C. This strain was isolated from soil by Urakami et al. (in press) and has been deposited in the Japan Collection of Microorganisms (JCM), Institute of Physical and Chemical Resegrch, as JCM 7685.
Characteristics for differentiating the two new species from each other and from P. denitrificans and P. alcaliphilus are shown in Table 5 .
The type strain of P. halodenitrificans preserved in Deutsche Sammlung von Mikroorganismen (DSM), National Collection of Marine Bacteria (NCMB), and Czechoslovak Collection of Microorganisms (CCM) was gram-negative, coccoid or short rod-shaped organisms, but the ATCC strain was gram-positive coccoid cells. No P. halodenitrificans strains utilized methanol, monomethylamine, dimethylamine, trimethylamine, trimethylamine-N-oxide, formamide, N-methylformamide, or DMF. P. halodenitnficans DSM, CCM, and NCMB strains contained large amounts of straight-chain saturated c16:o acid and straight-chain unsaturated and c 1 8 : 1 acids (Table  1) . These three strains contained large amounts of 3-OH C12:o acid (Table 2) . On the other hand, P. halodenitrificans ATCC 25843 was distinct and contained is0 acids C15:o (10.0%), C17:o (2.0%), and C19:o (0.9%); anteiso acids C13:o (1.6%), C15:o (72.0%), C17:o (6.9%), and C19:o (0.9%); straight-chain acids C14:o (0.5%), C14:1 (0.4%), c16:O (2.1%), and c l g i l (2.1%); and cyclopropane acid C15:o (0.2%). P. halodenztdficans DSM, CCM, and NCMB strains had the Q-9 ubiquinone system along with ubiquinone Q-8 and Q-10 as minor components. Only the ATCC strain of P. halode-nitrificans had the MK-7 menaquinone system along with menaquinone MK-6 and minor menaquinone MK-5 and MK-8 components (Table 3 ). P. halodenitrificans DSM 735T had 64 mol% G+C, and P. halodenitrificans ATCC 25843T had 33 mol% G+C, as shown in Table 4 . P. halodenitrificans ATCC 25843 is distinct from P. halodenitrificans DSM 735T, CCM 286T, and NCMB 700T by Gram stain, cellular fatty acid composition, quinone system, and DNA base composition, as shown in Table 4 . We received the culture twice from American Type Culture Collection (ATCC) and verified its characteristics. The characteristics of DSM, CCM, and NCMB strains are identical to those in previous reports (1, 3, 4, 7, 8) . P. halodenitrificans ATCC 25843 must be excluded from P. halodenitrificans. As a result of these observations, ATCC has been notified.
ATCC has discarded strain ATCC 25843 and will replace it with the DSM 735T, which was derived from CCM 286T. CCM got the strain from Gibbons, an author of the species. ATCC 13511, the original type strain (Approved Lists [12]), was lost. ATCC 25843 was a mislabeled replacement for ATCC 13511 from the original laboratory. P. halodenitrificans is distinguished from P. denitrificans, P. alcaliphilus, P. aminophilus, and P. aminovorans on the basis of the cellular fatty acid composition, the hydroxy fatty acid composition, the quinone systems, and the DNA-DNA homologies, as shown in Tables 3 and 4 . Therefore, P. halodenitrificans may not be a valid member of the genus Paracoccus.
